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a b s t r a c t
Complications in the form of intestinal intussusception and pneumatosis intestinalis are one
of the factors constituting the severity of RV infection. Intestinal intussusception is the
most common form of intestinal obstruction in children. The aim of this study was to
discuss and analyze the clinical course of cases of acute rotavirus infection complicated by
intussusception and/or pneumatosis intestinalis. Materials and method: The retrospective
analysis included data of 613 patients with acute gastroenteritis, hospitalized in the Gas-
troenterology Unit of Department of Pediatrics of the Medical University of Silesia in Kato-
wice in 2013. Rotavirus etiology was conﬁrmed in 276 (45%) cases. Results: Complications
in the form of intussusception and/or pneumatosis were found in 5 (1.8%) children (among
them were 3 girls and 2 boys) aged from 2.5 to 7.5 years, with severe RV infection. Moreo-
ver, in one case, in 9-year-old boy, infection with rotaviral and adenoviral etiology was
observed. The study included a detailed history from carers, including in particular the type
of symptoms, the period in which the described symptoms occurred, concomitant diseases,
the history of diseases, and optionally current treatment. Conclusion: Although, the diarr-
hea is generally self-limiting mild disease, its course should be monitored, not only because
of the problem of dehydration and electrolyte imbalance but also because of the possibility
of complications in the form of intussusception and/or pneumatosis intestinalis.
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Acute diarrhea is a common disease among infants and
children. Currently, major etiological agents of acute diarr-
hea in children are viral infection. According to estimates,
rotaviruses (RV) are responsible for up to 50% of acute
infections of the gastrointestinal tract [1, 2]. Acute gastroen-
teritis can be also caused by adenovirus (type 40 and 41),
norovirus, sapovirus, astrovirus. However, cases of children
with bacterial infection (Salmonella, Shigella, Campylobacter
and enteropathogenic E. coli) can be found less often.
Centers for Disease Control and Prevention (CDC) report
that in the world annually RV cause close to 111 million
episodes of gastrointestinal infections treated at home, 25
million outpatient visits, 2 million hospitalizations (mainly
due to the rapid course of diarrhea and dehydration) and
from 352 thousand to 592 thousand deaths in children
under 5 years old, wherein the deaths occur primarily in
developing countries (440 thousand of deaths per year,
while in the European Union about 230) [3]. Children under
5 years of age are more likely to be infected (particularly
between 6 months and 2 year of age) [2, 4, 5]. The heaviest
course of acute diarrhea is observed in the neonatal and
infancy period, where it is easy to disturb homeostasis due
to the functional immaturity of the organism. RV infection
is also one of the most common etiological factors of
nosocomial infections. In Poland in 2009 20 689 cases of RV
infections were registered in pediatric departments. Results
of numerous studies show large-scale problem of RV infec-
tion in the pediatric population [1, 2, 4].
The clinical picture of infection is very varied, in some
patients, the disease is mild (also possible is asymptomatic or
nonspeciﬁc course), it can also lead to dehydration (80%)
metabolic disturbances, organ failure requiring hospitaliza-
tion and parenteral rehydration [6]. There are also described
cases of very severe course of infection, with a necrotic or
hemorrhagic colitis character, which can lead to the death of
the child [7]. The pancreatitis, encephalitis, cerebellum infec-
tion, urinary tract nephrolithiasis leading to prerenal renal
failure also occurred [8–10]. Further explanation requires the
participation of RV in the pathogenesis of diseases such as:
Reye's syndrome, obstructive cholangitis, coagulation disor-
ders, or sudden infant death syndrome (SIDS) [11–15].Fig. 1 – Intussusception of small intestine inComplications in the form of intestinal intussusception
(ISS) and pneumatosis intestinalis are one of the factors consti-
tuting the severity of RV infection. Intestinal intussusception
is the most common form of intestinal obstruction in
children. Usually, the cause is unknown, but in some cases
coexisting infection of respiratory and gastrointestinal tract,
including RV- and adenovirus-induced, can be observed [16].
Pneumatosis intestinalis is a rare radiological symptom, charac-
terized by the presence of multiple cysts, ﬁlled with gas in
the gastrointestinal wall. The secondary form is dominant
(85%) and normally occurs in the course of other diseases, not
only in the course of the gastrointestinal tract diseases. The
etiology of this disease is unknown. In the literature you can
ﬁnd descriptions of intussusception cases with pneumatosis
etiology, which is the so-called “lead point” [17, 18].
While the potential link between infection caused by
rotavirus and intussusception is the subject of numerous
considerations, further study is needed to assess the risk of
these complications in the course of infection caused by other
common factors (e.g. adenovirus) in this age group (Fig. 1).
Aim of the study
The aim of this study was to discuss and analyze the
clinical course of cases of acute rotavirus infection compli-
cated by intussusception and/or pneumatosis intestinalis.
Materials and method
The retrospective analysis included data of 613 patients
with acute gastroenteritis, hospitalized in the Gastroentero-
logy Unit of Department of Pediatrics of the Medical
University of Silesia in Katowice in 2013. Rotavirus etiology
was conﬁrmed in 276 (45%) cases. Complications in the form
of intussusception and/or pneumatosis were found in
5 (1.8%) children (among them were 3 girls and 2 boys) aged
from 2.5 to 9 years, with severe RV infection (Table I).
Moreover, in one case, in 9-year-old boy, infection with
rotaviral and adenoviral etiology was observed. The study
included a detailed history from carers, including in particu-
lar the type of symptoms, the period in which the described examined patients (USG examination)
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diseases, and optionally current treatment. The study also
recognized a pediatric examination and laboratory results,
paying particular attention to the parameters of blood cell
counts, coagulation indices, markers of inﬂammation (CRP N:
<10 mg/L, N leukocytosis: 5–12  103/mL), biochemical para-
meters, the results of imaging tests (ultrasound, X-ray,
abdominal CT in one patient). To assess the presence of
adenoviral and rotaviral antigen in stool, in all patients
immunoassay methods were used. In particular cases also
performed feces examination to diagnose bacterial infections
and in all cases, surgical consultations were performed.
Results
The retrospective study analyzed medical records of
5 patients, including 3 girls and 2 boys (aged from 2.5 to
9 years old, average age – 5 years) (Tab. I). In 5 children
conﬁrmed the rotaviral etiology of acute diarrhea using
immunoassay method and in one of the children additionally
adenoviral antigens in the feces were found. In three cases
there was a complication in the form of intussusception (2–4
day of illness), in two cases both intussusception and
pneumatosis intestinalis. Duration of stay of the child in the
hospital varied from 7 to 16 days. The predominant symp-
toms were: the diarrhea (in two cases with blood) with
dehydration symptoms, vomiting, abdominal pain of greater
severity in children with diagnosed obstruction of the gas-
trointestinal tract and a slight increase in body temperature
in 2 children. The “raspberry jelly” symptom characteristic for
intussusception was observed in 2 cases. Hospitalizations
took place in the autumn and winter period. The children
were from urban centers, with good social and living condi-
tions. Premature birth was referred to one of the patients
(L.A.) with congenital heart disease. In addition, in this child
food allergies and deﬁciency of IgA and IgG antibodies were
diagnosed. Multiple intussusception was observed in the
history of the boy with coexistence rota- and adenoviral
infection (AV). In the rest of children the disease history was
negative. None of these patients had been vaccinated against
RV infection in infancy. Laboratory tests have shown positive
markers of inﬂammation only in one patient. In all cases of
intussusception, the abdominal ultrasound showed a “bulls
eye” symptom. Ultrasound imaging also demonstrated pneu-
matosis intestinalis. Additionally, in one case (Z.A.) it was
conﬁrmed by CT of the abdomen. In the stool culture of that
girl the presence of the Pseudomonas aeruginosa and Citrobacter
freundii bacteria was observed. All patients were treated by
antibiotic, probiotics and parenteral hydration, and did not
require surgical intervention.
One child (K.H.) with symptoms of acute intestinal
obstruction in the ﬁrst day of hospitalization was transferred
to the Department of Pediatric Surgery where the air was
administered rectally with positive result. Furthermore, in the
face of increasing markers of renal function, progressive
thrombocytopenia (Plt 40 K/mL) and moderate leukocytosis,
the hemolytic-uremic syndrome was diagnosed – the child
was transferred to Dialysis Therapy Unit. Fecal examination
excluded the bacterial etiology.
p e d i a t r i a p o l s k a 9 0 ( 2 0 1 5 ) 4 6 4 – 4 6 9 467In the oldest girl (L.A.) after cardiac correction of conge-
nital heart defects – VSD, with a history of food allergy (egg
white), hypoalbuminemia, deﬁciency of immunoglobulin IgA
and IgG, both complication occurred – intussusception and
pneumatosis intestinalis.
In two cases, gastrointestinal infection was accompanied
by pneumonia. Furthermore, in one of them (Z.A.) infection
occurred with thrombocytopenia. The girl (2.5-year-old) was
treated from the day preceding admission to the hospital due
to pneumonia. Additionally, she complained of vomiting,
diarrhea and abdominal pain. On the second day after the
onset of symptoms, USG showed pneumatosis intestinalis,
which was conﬁrmed by CT scan of the abdomen. In the
ultrasound examinations gradual withdrawal of the changes
were reported. In the stool culture, strains of Pseudomonas
aeruginosa and Citrobacter freundii were grown. The patient
was treated with antibiotic therapy and parenteral hydration.
In one boy (S.P.) with rotavirus infection, acute gastroen-
teritis was preceded by a long-term antibiotic therapy
(1 month) due to prolonged respiratory tract infection. The
boy was transferred to the Gastroenterology Unit due to the
severity of the symptoms of gastroenteritis from the Surgery
Department where the child was hospitalized due to trans-
ient intussusception.
In the 4th day because of intensifying abdominal pain and
recurrent vomiting, the USG abdomen was performed and
showed bulls-eye image with preserved ﬂow in intestinal
wall. In the control ultrasound transient intussusception was
observed, the child did not require surgical intervention.
Charged history of intussusception was observed in 9-
year-old boy (J.F.) with gastroenteritis etiology RV and AV (at
the age of 2 years and 4 months he had treatment of
intussusception and appendectomy). The patient was trans-
ferred from the Department of Pediatric Surgery, where he
was due to the severe abdominal pain, blood in the stool
and transient intussusception in the small intestine obser-
ved in abdominal ultrasound. There were no indications for
surgical intervention and he was transferred to the Gas-
troenterology Department on the second day of treatment.
Discussion
Rotavirus infections are a signiﬁcant public health problem
[19]. The International European studies have showed that
the incidence of acute rotavirus diarrhea in children up to
5 years of age was approx. 2–5 per 100. Furthermore, RV
infections cause 27.8–52% of all acute diarrhea and are
responsible for even 2/3 of hospitalization and consultation
in emergency department and 1/3 outpatient visits associa-
ted with acute diarrhea. It was found that the peak
incidence occurred in the period between the 5th–6th and
the 21st–23rd month of life (almost 80%), and nearly 90% of
RV infections took place between the 3rd and 36th month of
life [2, 4, 5]. In our study, the age of the children was much
higher than given above; all the children were over 30
months (mean age 5 years). Higher incidence RV infections
are observed in countries with a high standard of living and
in the urban environment. The peak incidence in temperate
climates is in late autumn, winter and early spring and isan epidemic; this has been conﬁrmed also in our observa-
tions. Intussusception is the most common form of gas-
trointestinal obstruction in children. The etiology is unk-
nown, but because of the frequent coexistence of infections
of the digestive system, numerous studies attempt to assess
if the infection is a risk factor for the intussusception.
Particular attention is paid to RV infection, on the one hand,
this is a common etiological factor of acute diarrhea in the
pediatric population, on the other hand, the relationship
between vaccination and intussusception incidents was
observed. In 1998, The Food and Drug Administration (FDA)
has approved the use of oral, living, attenuated, 3-valent,
human rotavirus vaccine, Rota-Shield Wyeth. The vaccine
was withdrawn in 1999 because of the occurrence of
intussusception between the 3rd and 7th day after vaccina-
tion, usually after the ﬁrst dose (15 cases/1.5 million doses)
– higher incidence in older infants [20, 21]. Observation of
incidents of intussusception after RV vaccination drew
attention to the presence of a potential association between
intussusception and the infection natural course. Further-
more, it is known that the thickening of the intestinal wall
and adenopathy, caused by infection, have an important
role in the pathogenesis of intussusceptions [22–25].
Analyses conducted in developed and developing coun-
tries, evaluating the relationship between RV infection and
intussusception, give conﬂicting results. Some authors report
a high percentage of natural RV infections in children treated
for ISS, whereas others do not observe such relationship [22,
26–30]. There are also reports indicating an increased risk of
ISS due to other bacterial and viral infections including
adenoviral, but these data are not conclusive [31, 32]. The
literature also describes the relationship between intussus-
ception and respiratory infections, and cough as symptom
which may precede the occurrence of intussusceptions [31].
In the analyzed group of patients, in two cases coexistence of
respiratory tract infection was observed.
Among our patients, pneumatosis was found in two
cases, and it was accompanied by intussusception, but the
image of “bull's-eye” was ahead the appearance of pneuma-
tosis features. One of the theories, about the mechanisms of
formation of pneumatosis, indicates the passage of gas
through injured mucosa into the intestinal wall. Mucosal
injury occurs frequently in the case of increased pressure in
the lumen of the intestine, for example in the case of
obstruction or infection [33].
In the face of signiﬁcant scale of the problem, it is
reasonable to use effective and safe methods of preventing
the infections [34]. Currently, there are two types of vaccines
against RV infections: Rotarix (Galaxo-SmithKline, Rixensart,
Belgium) and RotaTeq (Merck Vaccines, Whitehouse Station,
NJ, USA) introduced in 2004–2006. Due to the uncertainties
and the ongoing discussion, Food and Drug Administration
(FDA) has funded a wide-ranging analysis of the risk of
intussusception in children vaccinated against rotavirus.
The authors concluded that the collected data showed that
the use of pentavalent vaccine might cause intussusception
in 1–2 additional cases per 100 000 vaccinated children.
However, in conclusion, they emphasized that the results
should have been interpreted in the context of the beneﬁts
resulting from the vaccination [35]. Also in other studies,
p e d i a t r i a p o l s k a 9 0 ( 2 0 1 5 ) 4 6 4 – 4 6 9468according to the ESPD and ESPGHAN, the efﬁcacy and safety
of these specimens was positively evaluated [35–41]. In
Poland, RV vaccination is recommended, so not refunded by
the State. For consideration by parents is whether the cost
of purchasing the vaccine balances the risks of illness and
possible complications.
Summary
Although, the diarrhea is generally self-limiting mild
disease, its course should be monitored, not only because of
the problem of dehydration and electrolyte imbalance but
also because of the possibility of complications in the form
of intussusception and/or pneumatosis intestinalis.
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